Introduction {#S0001}
============

In the recent years, the interest in using various applications of ultrasonography in daily practice of anesthesiologists and intensivists has increased^([@CIT0001]--[@CIT0003])^. This imaging modality can be used in diagnostics and as a supportive tool during certain invasive procedures (such as vascular cannulation or regional anesthesia)^([@CIT0002]--[@CIT0005])^.

Due to the specificity of examinations performed in operating rooms and intensive care units (ICUs), i.e. urgency and spatial limitations, the best ultrasound equipment is portable, robust -- with short power-on to scanning time^([@CIT0002],\ [@CIT0003])^. Flat keyboard, facilitates rapid and effective disinfection and decreases the risk of transmission of infection between patients examined in ICUs. Since, portability of equipment is often required, battery powered backup power supply is essential. A growing spectrum of ultrasound examinations performed in ICUs demonstrates that ultrasound system should be equipped with transducers that enable examination of the abdominal cavity, heart and blood vessels. A US system must have a data storage system allowing archivisation of the performed examinations.

Types of ultrasound examinations conducted by anesthesiologists {#S0002}
===============================================================

Imaging during catheterization of the central veins and peripheral vessels.Imaging during anesthetizing nerve plexuses and peripheral nerves.Echocardiography in cardiopulmonary resuscitation (focused echocardiographic evaluation in life support, FEEL protocol).Echocardiography in life-threatening conditions and injuries:focused assessment transthoracic echocardiography, FATE protocol;echo-guided life support, EGLS protocol;bedside lung ultrasonography in emergency, BLUE protocol;extended focused assessment with sonography for trauma, EFAST protocol.Lung and pleura ultrasound.Transesophageal echocardiography.

Ultrasound imaging during central venous catheterization {#S0003}
========================================================

Ultrasound-guided central venous catheterization enables vein cannulation in real-time under visual control. US guidance decreases the risk of failure and complications of these procedures^([@CIT0002],\ [@CIT0003],\ [@CIT0006],\ [@CIT0007])^.

Equipment {#S20004}
---------

The best US equipment for this purpose is small sized and portable. Doppler options are not required.A linear broadband transducer with the frequency above 5 MHz is used. The length of transducer footprint should have less than 50 mm (optimally below 40 mm). A linear probe (hockey-type) is optimal for US guided cannulation procedures in children.Additional equipment: sterile sleeve for ultrasound probe, sterile gel (sachet), cannulation kit, set of sterile drapes.

Preparation for examination {#S20005}
---------------------------

When an informed consent has been obtained from the patient, he or she is placed in the Trendelenburg position (flat head-down). It is recommended to perform a detailed ultrasound examination of the area of the planned canniulation before sterile prepping (prescanning) to rule out anatomic anomalies that could prevent successful cannulation. A sterile operating field is prepared in a conventional manner. The skin should be infiltrated with local anesthetic at the site of cannulation. The sterile sleeve should be placed on the transducer and fixed tightly with a band or tie to eliminate air between the skin and transducer. A small amount of sterile ultrasound gel is applied to the prepared operating field.

Technique of central venous cannulation {#S20006}
---------------------------------------

The transducer, held in the non-dominant hand, is applied transversely to the course of the vessel. When the vessel has been visualized in the center of the monitor, cannulation is performed with the dominant hand. The needle is inserted approximately 1 cm from the footprint of the transducer at 45° angle (so-called out-of-plane view). Bending of the tissues and movement of a bright point (tip of the needle) towards the lumen of the vessel can be seen on the screen. Following aspiration of blood, which confirms intravascular position of the needle, the further part of the procedure is performed in a conventional way. After the completion of the procedure, correct placement of the cannula inside the vessel should be confirmed. The access in the longitudinal plane (when the needle is inserted along the axis of the transducer), has also been reported^([@CIT0002],\ [@CIT0003],\ [@CIT0006],\ [@CIT0007])^.

Documentation {#S20007}
-------------

Central venous cannulation procedure must be documented in patient medical record, with specification of the selected vascular access and catheterized vein. The control chest X-ray is required.

Ultrasound imaging during anesthetizing nerve plexuses and peripheral nerves {#S0008}
============================================================================

Ultrasound guidance during regional anesthesia helps to increase the efficacy of the blockade and decreases the rate of complications^([@CIT0004])^.

Equipment {#S20009}
---------

The most suitable ultrasound equipment for regional anesthesia procedures is a portable system with following parameters: color Doppler option, at least 256 shades of gray and sensitive Doppler option that enables visualization of slight flow velocities in vessels (below 1 cm/s).A high-frequency linear probe with the highest frequency of at least 10 MHz is used (for the nerves located superficially). The footprint lenght of the transducer should have less than 50 mm (optimally below 40 mm). Alternatively, a convex probe with the highest frequency of at least 8 MHz can be used (for nerves at deeper localizations).Additional equipment: sterile sleeve for the ultrasound probe, sterile gel (sachet), needle for regional anesthesia (25--150 mm, dependently on the type of the blockade).

Preparation for anesthesia {#S20010}
--------------------------

Regional anesthesia is associated with rare but very serious complications. Therefore, wherever RA procedures are performed necessary monitoring and safety procedures must be provided (including resuscitation kit and adequate amount of Intralipid 20%)^([@CIT0004],\ [@CIT0005])^. Standards of monitoring and equipment are specified in the Regulation of the Polish Minister of Health^([@CIT0008])^. Prior to the procedure, vital signs monitoring must be instituted and peripheral venous access secured.

Technique of performing nerve plexus or peripheral nerve blockade {#S20011}
-----------------------------------------------------------------

It is recommended to perform a detailed ultrasound examination of the area of the planned needle insertion before sterile prepping (prescanning) The latter is performed in a conventional way. The skin is infiltrated with local anesthetic. The sterile sleeve should be placed on the transducer and fixed tightly with a band or tie to eliminate air between the skin and transducer. A small amount of sterile ultrasound gel is applied to the prepared operating field. The transducer, held in the nondominant hand, should be applied perpendicularly to the plane of the anesthetized nerve. The needle is inserted in either longitudinal (in-plane) or transverse (out-of-plane) plane under visual control and further advanced until it is seen in close proximity to the nerve. After aspiration, a dose of a local anesthetic is administered. Injection can be started and continued provided that the needle tip and extension of the anechoic fluid halo around the nerve are visible. Repeated aspirations during LA administration are crucial to ensure that the needle tip is not located in the vessel! Each increase in pressure during injection reported by a nurse may indicate intraneural needle tip position and must result in immediate cessation of injection. Simultaneous (dual-guidance technique)^([@CIT0004])^ -- peripheral nerve stimulation seems to be purposeful during these procedures.

Documentation {#S20012}
-------------

The type of a blockade and course of anesthesia must be documented in anesthetic chart.

Echocardiography during life support (FEEL) {#S0013}
===========================================

Echocardiography during cardiopulmonary resuscitation enables differentiation between genuine cardiac arrest and minimal cardiac output syndrome, and detection of so-called reversible causes of arrest (hypovolemia, pulmonary embolism, tension pneumothorax and pericardial tamponade)^([@CIT0009])^. The algorithm of advanced life support (ALS) of the European Resuscitation Council guidelines 2010 allow echocardiographic exam provided the intervals between chest compressions are reduced^([@CIT0010])^. The FEEL protocol is not a detailed echocardiographic examination!

Equipment {#S20014}
---------

For the echo exam in life support a US system with a dedicated mode for cardiac examination is required. Since it may be necessary to move the equipment quickly to the patient\'s bedside, it needs to be portable (with its own battery-power supply), and robust. The short poweron to scanning is desirable. Due to the specific character of the examination (10 seconds in the interval between chest compressions), it must be possible to store the examination in the form of several-second loops that can be replayed.A sector probe with the frequency ranging from 1.5--4 MHz is recommended, preferably equipped with a harmonic imaging mode.

Preparation {#S20015}
-----------

Following cardiac arrest diagnosis, advanced life support is instituted in accordance with the current ALS algorithm of the European Resuscitation Council ([www.prc.krakow.pl](http://www.prc.krakow.pl))^([@CIT0010])^. A good coordination of activities within the resuscitation team is necessary in order to reduce intervals between chest compressions. The operator must start the echo examination as soon as the 10-second interval between chest compressions begins (every 2 minutes in the pulseless electrical activity, PEA).

Technique {#S20016}
---------

Echocardiography is performed in the subcostal fourchamber view. If the subcostal window is not available or if there are clinical doubts, the examination may be extended to include apical or parasternal views, but it is more challenging during CPR. After 10 seconds, the team recommences CPR or implements treatment to reverse detected cause of cardiac arrest. If pulseless electrical activity persists, echocardiography is repeated every 2 minutes (every 5 cycles). However, performing correct, good quality chest compressions is priority in CPR. It is unacceptable to prolong the intervals (between chest compressions), e.g. to complete the echocardiographic examination^([@CIT0010])^.

Documentation {#S20017}
-------------

The course of CPR must be documented in the patient\'s medical history. If used, echocardiographic findings must be described with information about view used. If heart contractions are observed (pseudo-PEA), it is necessary to rule out any reversible causes of cardiac arrest (hypovolemia, pulmonary embolism, pericardial tamponade, pneumothorax). The examination should be stored in the system memory and, if possible, assessed by a cardiologist.

Other ultrasound examinations performed in ICUs {#S0018}
===============================================

The FAST protocol (focused assessment with sonography in trauma) is discussed in details in the chapter: *US examination in emergency medicine, multiple body injuries and in patients in critical condition* in the *Ultrasonography Standards* prepared by the Polish Ultrasound Society^([@CIT0001],\ [@CIT0002],\ [@CIT0006])^. The FATE protocol is a screening cardiac examination dedicated, for rapid identification of pathologies leading to severe hemodynamic disorder (e.g. tamponade, contractile disorders, filling the vascular bed, pneumothorax, pleural fluid)^([@CIT0011])^. The FATE examination is not a detailed echocardiography!

Equipment {#S20019}
---------

As described above in the section concerning the FEEL protocol.

Technique {#S20020}
---------

The examination is performed in conventional echocardiographic views: parasternal long and short axes of the left ventricle (PLAX and PSAX), apical four-chamber, threechamber and two-chamber (AP4C, AP3C, AP2C) as well as substernal (SC). Additionally, the pleural view is assessed bilaterally. For this purpose, the transducer is applied to the lateral aspect of the chest with the marker turned cephalically.

Description {#S20021}
-----------

The FATE examination should be documented in the patient\'s history. The conditions of the examination and assessed views should be noted as well as the dimensions of the heart chambers, thickness of the left ventricular wall and approximate global heart contractility. The course of the examination should be stored in the system memory and assessed by a qualified specialist as soon as possible.

The EGLS protocol, created recently by the Canadian team, is gaining popularity for examining patients in shock^([@CIT0012])^.

The assessment of the lungs and pleura is discussed in greater detail in the *Ultrasonography Standards of the Polish Ultrasound Society* ^([@CIT0001])^. It is performed in ICUs in life-threatening conditions. Usually, a simplified BLUE protocol or its modifications are used^([@CIT0002],\ [@CIT0003],\ [@CIT0013])^.

Transesophageal echocardiography is discussed in greater detail in the chapter of the *Ultrasonography Standards of the Polish Ultrasound Society* ^([@CIT0001])^. The examination is usually performed during cardiac surgeries and in patients with hemodynamic instabilityin operating rooms and ICUs^([@CIT0002],\ [@CIT0014])^.
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